Abstract. There is a growing consensus about the urgent necessity to green the economy and to decouple economic growth from environmental pressure. Against this background, the article explores three questions: (1) What are key factors influencing diffusion dynamics of sustainable product and service innovations? (2) To what extent do diffusion processes of sustainable product and service innovations differ from each other, and can different groups of diffusion processes be identified? (3) Which factors, actors, and institutional settings are characteristic of different groups of diffusion processes? While diffusion research on sustainable innovation so far has been limited to case studies with just one or a small number of cases or has been focused on individual sectors, the empirical data presented here cover a large number of cases from a broad variety of product fields. This allows for generalizations as well as relevant insights and conclusions for sustainability, environmental and innovation policies. The empirical investigation of 100 sustainable product and service innovations revealed that diffusion processes of sustainable innovations differ substantially: The cluster analysis showed that five groups of sustainable innovations can be differentiated which differ significantly in terms of the factors influencing the diffusion process. The empirical results thus both support the assumption that different types of diffusion paths do in fact exist and also permit characterization of the various types of diffusion paths. The evolutionary concept of diffusion paths develops significant explanatory power on the basis of which faster or slower cases of diffusion and the success or failure of sustainable innovations can be better understood.
Introduction
There is overwhelming evidence that mankind has become a geological force (Crutzen, 2002) and that we are overloading the Earths's carrying capacities. Rockström et al. (2009) explored planetary boundaries and conclude, "Anthropogenic pressures on the Earth System have reached a scale where abrupt global environmental change can no longer be excluded." (Rockström et al., 2009, p. 1) Despite the fact that there has been an intensive political as well as scientific debate about the concept of sustainable development for more than 20 years (United Nations, 2012), even today not a single nation on the planet can claim to be sustainable in the sense that it provides for human well-being within Earth's carrying capacities (United Nations Environment Programme (UNEP), 2011, p. 21). Many countries enjoy a high level of human development -but at the cost of a large ecological footprint (Burns et al., 2010) . Others have a very small footprint, but face urgent needs to improve access to basic services such as health, education, and potable water (Malik, 2013) . Against this background, there is a growing consensus about the urgent necessity to green the economy and to decouple economic growth from environmental pressure (Organisation for Economic Co-operation and Development (OECD), 2011). Greening the economy requires a strategy for sustainable transitions and fundamental changes in production and consumption patterns (UNEP, 2011) . One key element in promoting and managing the multilevel challenge of sustainable transitions (Geels, 2010) is the development, implementation, and diffusion of radically new or significantly improved products (goods or services), processes, or practices which reduce the use of natural resources and decrease the release of harmful substances across the whole life cycle (Eco Innovation Observatory (EIO), 2013, p. 2). Thus, sustainable innovation and its diffusion are a key strategy for a societal transformation process toward sustainable development and a green economy. Understanding of diffusion of sustainable innovations recently has gained more importance given the fact that some sustainable innovations are already at a mature stage (Karakaya, Hidalgo & Nuur, 2014) .
The central problem -and this is the evaluation of the status quo on which the present study is based -is not a lack of sustainable innovations, but that their diffusion throughout the economy and society is too narrow and too slow to solve the urgent challenges of sustainability such as climate protection and resource conservation. In other words: from a sustainability perspective, we are not confronted primarily with a problem of innovation, but a problem of diffusion! Against this background the objective of this work is to contribute to the clarification of the following questions:
• What are key factors influencing diffusion dynamics of sustainable product and service innovations? • To what extent do diffusion processes of sustainable product and service innovations differ from each other, and can different groups of diffusion processes be identified? • Which factors, actors, and institutional settings are characteristic of different groups of diffusion processes?
This article will explore these questions by presenting and discussing the results of an empirical study of 100 cases of diffusion of sustainable products and services from ten different sectors. In the first part of the paper, we develop a conceptual framework for investigating the diffusion of sustainable product and service innovations. In Section 3 we define the unit of analysis, present the guiding research questions, and explicate the methodology of our empirical investigation. The methodological approach of the empirical study is innovative because it blends case study methodology using process-generated data with statistical identification of factors and clusters. In the following part of the paper (Section 4) we present the correlation and results from the factor analysis as well as the results from the cluster analysis. Based on these results we characterize five different clusters of diffusion of sustainable innovation. In the final part of paper we draw conclusions with regard to the guiding research questions, describe the limitations of the study, and outline further research needs.
Conceptual framework
Based on an extensive literature review, in the following section we will clarify the term "sustainable innovation" and present key insights from diffusion research in regard to factors influencing the adoption rate of innovation in general and sustainable innovation in particular. Building on central concepts of sustainable innovation and diffusion research, we then develop a conceptual framework for the analysis of the diffusion of sustainable innovation. We do this by drawing on insights from evolutionary economics in the construction of a path concept of diffusion, by providing a concept of how changes in the diffusion path come about, by looking at possibilities for assessing environmental effects of diffusion processes, and finally by pulling these elements together in a conceptual framework for the empirical investigation of the diffusion of sustainable product and service innovations.
Sustainable innovation
Sustainability-oriented innovation and technology studies have received increasing attention over the past 10 to 15 years (Markard et al., 2012, p. 955) . The importance of sustainable innovation management is growing both in practice and in academia (Schiederig et al., 2012) . What exactly is meant by "sustainable innovation"? Numerous terms to describe similar phenomena have been used widely in academia. The key terms used since the mid-1990s include "environmental innovation" and "ecoinnovation" (Fussler, 1996; Rennings, 2000; Kemp & Pearson, 2007; Jänicke 2008; OECD, 2009; Gerstlberger & Will 2010 , Horbach et al., 2012 , "sustainability innovation" (Fichter & Pfriem, 2007; Arnold & Hockerts, 2011; Belz, Schrader & Arnold, 2011) , "sustainable innovation" (Wüstenhagen et al., 2008; Nill & Kemp, 2009; Hockerts & Wüstenhagen, 2010) , "sustainability-oriented innovation" (Klewitz & Hansen, 2014) , and "green innovation" (Schiederig et al., 2012) . While a distinction between social and environmental issues in innovation is made to some extent, a clear line is difficult to draw. A recent analysis of 8,516 journal publications shows that "40.7% (3,469) apply the notion 'environmental innovation', 31.9% (2,716) the notion 'sustainable innovation', 17.6% (1,495) 'eco-innovation' and 9.8% (836) the notion 'green innovation'. It appears that more than 80% of the publications use only one notion, indicating that the notions are used consistently within individual publications." (Schiederig et al., 2012, p. 183) The analysis shows that three different ideas of green, eco/ecological, and environmental innovation are used largely synonymously, while the notion of sustainable innovation broadens the concept and includes a social dimension. There has been a rich debate in the economic literature about the distinctive features of environmental innovations and eco-innovations as opposed to general innovations (Rennings, 2000) . One of the most referenced definitions is provided by Kemp and Pearson (2007) : "Eco-innovation is the production, application or exploitation of a good, service, production process, organizational structure, or management or business method that is novel to the firm or user and which results, throughout its life cycle, in a reduction of environmental risk, pollution and the negative impacts of resource use (including energy use) compared to relevant alternatives". (Kemp and Pearson, 2007, p. 7) . The EU-funded Eco-Innovation Observatory (EIO) describes eco-innovation as "any innovation that reduces the use of natural resources and decreases the release of harmful substances across the whole life-cycle" (EIO, 2013, p. 10) . This broad definition builds on an existing understanding of innovation and emphasizes types of inputs, outputs, as well as full life-cycle impact as key indicators of eco-innovation. Concepts of sustainable or sustainability innovation include these ecological aspects as a key feature, but also explicitly claim that radically new or significantly improved products (goods or services), processes, or practices should contribute to economic and social goals of sustainable development (Wüstenhagen et al., 2008) . Rather than just focusing on short-term profits, stakeholders expect firms to meet a triple bottom line of economic, environmental, and social value creation (Elkington, 1999; Schaltegger & Wagner, 2011) . Against this background, Fichter (2005) defines sustainable innovation as "the development and implementation of a radically new or significantly improved technical, organizational, business-related, institutional or social solution that meets a triple bottom line of economic, environmental and social value creation. Sustainable innovation contributes to production and consumption patterns that secure human activity within the Earths's carrying capacities." (Fichter, 2005, p. 138) In this paper we will follow this concept of "sustainable innovation."
Diffusion research
While "innovation" is the process of developing and implementing a radically new or significantly improved solution, we define "diffusion" as the process of imitation and adaptation of an innovation by a growing number of adopters. It comprises the period after the first successful implementation or after market introduction. With regard to key factors influencing diffusion dynamics, diffusion research offers a vast array of concepts and empirical studies that deal with diffusion processes in general as well as with factors influencing the adoption rate of sustainable innovation in particular (Clausen et al., 2011 , Karakaya, Hidalgo & Nuur, 2014 ). Rogers's pioneering work on diffusion processes underlines the importance of the attributes of innovations. Rogers (2003, p. 219 ff.) indicates that the relative advantage, compatibility, complexity, trialability, and observability of an innovation are important variables that can influence the speed of adoption. When these attributes are applied to the diffusion of sustainable product innovations, they can be considered to be relevant product-related variables. For these reason, they were used as product-related factors for examining diffusion paths of sustainable innovations.
Besides product-related variables, adoptor-related factors also play an important role in explaining the diffusion of innovations. It appears established that the adoptor group of "innovators" plays an important role during market introduction and in the first phase of diffusion, and this holds for both individuals (Rogers, 2003) and organi-zations (Gurisatti et al., 1997; Mukoyama, 2003) . In reference to the adoptor-related factors affecting the diffusion trajectory, the question of the "presence" and participation of user-innovators as well as their early involvement in the innovation process seem to play important roles (Baldwin, Hienerth & von Hippel, 2006; Lüthje & Herstatt, 2004) . The necessity of behavior changes and the requirement to develop new (consumption) routines inhibit the diffusion of innovations (Konrad & Nill, 2001; Scholl, 2009) . Uncertainties concerning the function and the quality of the product, but also the regulatory environment of an innovation, delay the adoption process in the case of individuals as well as businesses (Hintemann, 2002) . Fundamental differences seem to exist between private individuals and businesses as adoptors when it comes to decision-making and in the relative importance of cost-effectiveness and liquidity. In businesses, decisions are usually made collectively, and companies tend to value function, quality, and cost-effectiveness more highly (Mukoyama, 2003) . In contrast, the price plays a lesser role if cost-effectiveness is given, even if SMEs (small and medium-sized enterprises) routinely mention limited availability of capital when surveyed concerning obstacles to adopting innovations (Hitchens et al., 2004) . In the case of private individuals, on the other hand, a high price is often a constraint even independently of cost-effectiveness because of limited liquidity (Bottomley and Fildes, 1998; Andrews & DeVault, 2009 ).
Concerning supplier-related factors, various authors point to the role of pioneering suppliers of innovations (Wüstenhagen et al., 2008; Hockerts & Wüstenhagen, 2010) , whereby their orientation toward sustainability could also play a role in the context of sustainability. Suppliers' sizes and reputations are important, besides the availability of relevant products and services on the market (Barney, 1991; Fombrun, 1996; Shapiro & Varian, 1999) . Against this background, the variables (sustainability) goals of innovators, size and reputation of innovators, and the completeness and availability of products and services on the market can be considered to be relevant factors potentially influencing diffusion dynamics. Concerning suppliers, Nelson (1994) in particular also refers to the development of supporting structures within the sector, so sector-related factors could be relevant for the analysis as well. The existence and activities of industry trade associations appears to be relevant especially in the context of obtaining financial support from the government, reducing regulatory obstacles, or developing exnovation tools for phasing out predecessor products (Nelson, 1994; Bruns, Köppel, Ohlhorst, & Schön, 2008) . The role of market leaders also appears to be relevant for diffusion. For example, whether they spend years litigating against laws promoting renewables or whether innovators in the field in question are involved from the beginning can be expected to have a significant impact on the speed of diffusion. Intermediaries as change agents should also be taken into consideration as a possible supporting factor (Antes & Fichter, 2010) . Because of the double externality problem of environmental innovations, the political factors of government intervention play a special role in their development and diffusion (Jänicke, 2008 (Jänicke, , 2005 Rennings, 1998) . The diverse political instruments used by governments to support the diffusion of environmental innovations (Jänicke, 2008) as well as the societal forces impacting innovation and diffusion processes can be grouped in four different factors: governmental push and pull activities as well as institutional obstacles (Andersen & Liefferink, 1997; Jaffe & Stavins, 1995) , lead market policies (Beise & Rennings, 2005) , media reporting, and campaigns by nongovernmental organizations (Brunner & Marxt, 2013) .
Furthermore, diffusion research based on evolutionary economics also stresses the fact that there is an inherent dynamic in the diffusion path because of path dependencies, competing industry standards, and dominant designs (Nelson & Winter, 1982; Brown, Hendry & Harborne, 2007) , and due to self-reinforcing effects such as the critical mass phenomenon (Arthur, 1989; Cowan, 1990; Lehmann-Waffenschmidt & Reichel, 2000, p. 349) or network effects (Geroski, 2000; Rogers, Medina, Rivera & Wiley, 2005; Vollebergh & Kemfert, 2005) . The path-specific factors include the historical ties and self-reinforcing forces with effects on (routine) paths to date, the effects of price developments (up or down), and the forces resulting in new ties when new paths are established. Against this background, we constructed three pathspecific factors to examine the diffusion paths of sustainable innovations: path dependencies due to historical ties, interactions between competing diffusion paths, and self-reinforcing effects within the diffusion path itself.
Based on theoretical and empirical work on factors influencing the diffusion process, six key areas of influence on diffusion speed can be distinguished: (1) product-related factors, (2) adoptor-related factors, (3) supplier-related factors, (4) sector-related factors, (5) government-related factors, and (6) path-related factors. Within the key areas, different factors have been identified (Clausen, Fichter & Winter, 2011) .
Path concept of diffusion
When it comes to explaining why the diffusion speed of sustainable innovations does differ and what the key factors influencing diffusion dynamics are, evolutionary economics is a powerful theory to build on. During the past 30 years, numerous authors have placed the path concept developed in evolutionary economics at the center of their studies and approaches for explaining innovation and diffusion trajectories, using the work by Nelson and Winter (1982) as a starting point (Clausen et al., 2011) .
The path concept provides a good basis for studying existing path dependencies, potential exit options for creating new paths (Sydow, Schreyögg & Koch, 2009) , and the factors emerging over the course of the diffusion process. To date, studies of trajectories have considered linear chains of events, bifurcation and multifurcation points, and linkages between different paths (Lehmann-Waffenschmidt & Reichel, 2000; Lehmann-Waffenschmidt, 2010) . While lock-in to a particular path and the path dependencies that arise or have an effect here are discussed intensely, the questions as to how and why bifurcation and multifurcation points emerge and how actors can intentionally create new paths have received little attention. Precisely at this point, however, creating a link to the insights and conceptualizations of innovation process research appears promising (Van de Ven, 1999) because it deals with the emergence and the trajectories of innovation processes. In order to be able to create this linkage, however, it is vital to first make clear that innovation is a specific mode of transformation, and just one of several possible modes. Fundamentally speaking, four modes of transformation can be differentiated, and all of them are relevant for the sustainability of innovations (Fichter, 2014 ):
1. V ariation: Gradual changes to existing technologies and practices optimize the path. Schumpeter characterizes this mode of transformation as "adaptive response" (Schumpeter, 1947) . 2. Innovation: the attempt to achieve a lock-in break in a routine path. In the successful case of "breaking away" from a routine path, a split (bifurcation or multifurcation) occurs, and a new path is formed (path creation). Schumpeter characterizes this mode of transformation as "creative response" (Schumpeter, 1947) . 3. Diffusion by imitation and adaptation: Innovative solutions already being used successfully in other regions, markets, or organizations are taken on and adapted. A relatively young path is broadened and disseminated; chains of events (imitation and adaptation processes on the part of specific adoptors) within this path branch out further and multiply. In part, however, innovative solutions are also adapted and varied in specific ways. 4. Exnovation: Previously used technologies, products, or practices are discontinued or phased out. A previous path is terminated. Examples include the ban on light bulbs in the European Union, Germany's nuclear phase-out, and decisions by companies to withdraw products from the market due to unprofitability or insufficient turnover.
The path conceptions existing to date do not differentiate between the four modes of transformation described above, even though it is precisely these four modes that provide an explanation of how bifurcation and multifurcation points can occur. Understanding the dynamics of sustainable innovation requires a further move to "interdisciplinary crossovers" (Geels, Hekkert & Jacobsson, 2008, 527) . On the basis of the fundamental understanding presented above, an innovation path can be interpreted from an interdisciplinary standpoint as an innovation process and thus as an intentionally organized process for branching out from routine paths. Hence, an innovation path encompasses the chain of events of an innovation project. Extending the concept of the innovation path, a diffusion path can be understood as a chain of events of a particular diffusion process over time. The diffusion path includes the imitation and adaptation events on the part of the adoptors as well as the activities and measures affecting those adoptors, including, for example, the activities of suppliers, the services provided by market intermediaries (e.g., wholesalers and retailers) and policy intermediaries (e.g., energy or climate protection agencies) (Antes & Fichter, 2010) as well as, for instance, the efforts on the part of the government to intervene in the form of legal provisions and support programs. Thus, the diffusion path is embedded within a diffusion system which, as a social system (Rogers, 2003, p. 23 ff.) , encompasses both diffusion-relevant actors and specific institutional arrangements. Against this background, we defined the term "diffusion path" as follows: 
A diffusion path encompasses the chain of events of a certain diffusion process over time and its embeddedness in a specific diffusion system. It depicts the diffusion of an innovative solution by means of imitation and adaptation and can be caused by the efforts of actors to stabilize a new path and to establish it long-term or by self-reinforcing effects.

Conceptual framework for the analysis of the diffusion of sustainable innovation
We used the diffusion path concept developed above to analyze the diffusion of sustainable innovation. On that basis we defined a diffusion path as the chain of events of a certain diffusion process. A diffusion path is embedded in the diffusion system of a specific region or sector and influenced by its actors, institutions, and resources (Geels et al., 2008) . We distinguished six key areas of influence on diffusion speed on the basis of theoretical and empirical work on factors influencing the diffusion process (cf. Section 2.2): (1) product-related factors, (2) adoptor-related factors, (3) supplier-related factors, (4) sector-related factors, (5) government-related factors, and (6) path-related factors. A total of 22 variables potentially influence diffusion dynamics and were taken into account when analyzing diffusion dynamics. Major qualitative changes in the direction or speed of diffusion can be classified as tipping points (market introduction of a product, reaching critical mass, bifurcation or multifurcation points, change of direction and abrupt changes in the trajectory and market exit of the product) (Schelling, 1971, p. 181 ff.; Granovetter & Soong, 1986; Coenen, Benneworth & Truffer, 2012; Hess, 2014) . 
Material and methods
In the following section we give a precise definition of the unit of analysis employed in the empirical investigation, introduce the guiding research questions, and describe the methodology of our empirical research design.
Unit of analysis
The unit of analysis of the empirical investigation presented in this paper is diffusion dynamics of sustainable product and service innovations. Since diffusion processes are very complex fields of investigation, we limited the scope of the study in three ways.
(1) We decided to focus on product and service innovations. We did this for two reasons: First, because products and services have a huge impact on production and consumptions patterns and on achieving economic, environmental, and social goals. Second, because the diffusion of marketable goods can be observed more easily (e.g. based on market data and other publicly available information) than processrelated, institutional, or social innovation. This is especially important when investigating a large number of cases. (2) Furthermore, we decided to investigate the diffusion process in a specific geographical region or country. Because of funding constraints (cf. Acknowledgements), we decided to choose a European country and selected Germany as the largest national market in Europe. (3) Finally, we decided to focus the analysis on the period between market introduction and the time of investigation (2011). In order to study the diffusion process sufficiently, we defined that the duration between market introduction and the time of investigation had to be at least three years. Thus, we chose only products that had been introduced to market before 2008.
Guiding research questions
The guiding research questions for the empirical investigation are:
1. What are key factors influencing diffusion dynamics of sustainable product and service innovations? 2. To what extent do diffusion processes of sustainable product and service innovations differ from each other, and can different groups of diffusion processes be identified? 3. Which factors, actors, and institutional settings are characteristic of different groups of diffusion processes?
Methodology
Since no large-scale study across sectors or product fields on the diffusion of sustainable innovations has been conducted to date, this study broke new ground for empirical research. Two different methodological approaches were available for this task:
The first approach would attempt to study the diffusion of a marketable good (product or service innovation) across a long period of time, using selected indicators such as market share, parallel to the process itself. Such a longitudinal study was not feasible in the context of the 3-year duration of the project on which the present study is based because it would have required an observation period of more than three years. A second, alternative approach would be to model the diffusion of an innovation retrospectively using process-generated data, i.e., using authentic data created over time and for purposes other than answering the research questions formulated here. Such data covering long periods of time are often not available, or not in the quality desirable for purposes of research, for which reason such a procedure was out of the question here as well. In order to do justice to the present research problem nonetheless, we selected a research approach that encompasses a new form of methodological triangulation and which must therefore be briefly described and justified:
As sufficient data generated during the process itself are not available for the object of this study -diffusion of sustainable innovations -we decided on the following procedure for surveying data. Selection of cases. First, we selected all those product fields from the universe of all marketable goods that are of particular importance for sustainable development and that can make a major contribution to reaching national and international sustainability goals. We used studies and sustainability strategies at the national and international levels for this purpose. The selection of product fields was to refer to the geographical area selected for the study (Germany). Both the lead markets and the fields already identified in German and European environmental and innovation policy were to be taken into account. They include the lead markets for environmental technology mentioned in the Umwelttechnologie-Atlas für Deutschland (Environmental Technology Atlas for Germany) "GreenTech made in Germany 2 When selecting cases, it was important to ensure that a sufficient range of products and services were covered in order to guarantee that the study actually included numerous sectors and product fields. Against this background, we decided to study at least 10 different product fields. Thus, we oriented sampling toward the main criteria: relevance for sustainability and range of the product fields.
In addition, the goal was to ensure that it would be possible to study a certain range of different products, services, and technologies in each product field in order to be able to elaborate possible commonalities and differences within each one. Against this background, we decided to use 10 different products from 10 different product fields for the study (cf. Table 2 ). Defining independent variables. We performed a comprehensive evaluation of the literature as the basis for the empirical study. It yielded 22 potential factors influencing the diffusion trajectories of sustainable innovations in six fields of influence (cf. Section 2.2 and Figure 1 ) for which it can justifiably be assumed that they have an influence on the diffusion trajectories of sustainable product and service innovations or correlate with the dynamics of diffusion. We used these 22 potential factors as independent variables for the empirical study. We developed a coding system for each factor to assess the value of the variable (cf. Appendix 1). Construction of the dependent variable "diffusion dynamics". One of the key goals of the study was to elaborate obstacles and drivers in the diffusion process, so we had to assess the progress of the diffusion process in this regard. Market penetration, i.e., market share, is most useful as a measure of diffusion of marketable goods. The amount of time required for the process, measured as the time since market entry, is relevant as well. Finally, a study across sectors and product fields must consider that a comparison across product fields cannot be carried out readily because of their very different underlying conditions. For this reason, the typical innovation and market cycles of a product field must be taken into account when constructing a dependent variable to be used as an indicator of diffusion dynamics across product fields. That is why we drew upon three sub-indicators when constructing the indicator "diffusion dynamics." We defined them as follows with regard to the sample to be studied:
(1) Market share, using the scale: a. up to 1% (coded as 1) b. more than 1 and up to 10% (coded as 2) c. more than 10 and up to 50% (coded as 3)
d. more than 50% (coded as 4) (2 
The diffusion speed of a specific innovation in relation to the other innovations in the product field in question. We set the two values mentioned above for a particular innovation in relation to the values of the other innovations in the product field, thus generating a ranking order. After all, what constitutes "rapid" diffusion varies considerably depending on the product field. The goal of adding 2 points to the value or subtracting 2 points from it was to enhance the value of the two most successful innovations in each product field and to reduce it for the two least successful ones. In individual product fields where it appeared impossible to differentiate reasonably between the three top innovations, we applied this method to the top or bottom three innovations. In other product fields, where the gap between the top or bottom two innovations was so large that it appeared unreasonable to assign them the same values, we did so for just the one top or bottom innovation. Table 1 shows the classification, Table 2 the results. The variable "diffusion dynamics" results from the summation of the values of the sub-variables market share, duration of diffusion process, and rank of a specific product/service within the product field. The minimum value of the variable "diffusion dynamics" is 0 (no dynamics), the maximum value is 10 (very high dynamics). More than 10% market share and market introduction after 2000 or more than 50% market share and market introduction after 1990
Sustainable mobility Max. 1% market share and market introduction before 1990
More than 10% market share Case analysis. We prepared a qualitative profile for each case, using secondary information. This secondary information was available in the form of market analyses, life-cycle analyses, websites of inventors, manufacturers, wholesalers, and retailers as well as product-or use-related Internet sources. In total, about 5,000 sources of information were accessed and about 1,200 were cited in the 100 case studies. The description of the cases in each of the profiles followed a defined format and a given coding system (cf. Appendix 1). This included key data on the object of innovation and the diffusion process as well as the 22 variables (cf. Table 3 ) which we had elaborated as potentially relevant for the trajectory of the diffusion process. In this way, it was possible to survey qualitative secondary information quantitatively. At the same time, this en-sured that we surveyed the same data for all cases. In other words, the procedure is similar to participant observation. The profile format fulfilled the function of a standardized survey instrument, similar to a standardized observation protocol. We surveyed the variables using 3-point scales (2, 1, 0 or 0, -1, -2) and 5-point scales (-2 to +2). The result of the survey was a dataset including key data about 100 cases of sustainable innovations as well as values for the 22 independent variables.
A coding team evaluated the independent variables using the 3-point and 5-point scales and assigned a value to each factor in each case. For example, we coded the case "heat pumps" with the value of 0 for the variable "perceptibility," since the innovation is hardly visible to the public and perceptibility can thus neither be assigned an effect promoting (+1 or +2) or inhibiting (-1 or -2) diffusion. The coding team comprised five researchers with specific expertise in the particular technology, product/service, or market.
We took two measures to ensure inter-rater reliability. First, we conducted a pretest in which all the researchers (observers) analyzed and coded the same case independently of one another. We specified details for assessing the cases in a uniform manner on this basis. Second, at least one person, usually two, checked and evaluated each of the 100 profiles again. The team of five researchers, who then jointly specified the evaluations, discussed any deviations. In this way, we quantified qualitative data in the present paper and made them accessible to statistical evaluation without claiming in the slightest to have depicted causal relationships or undertaken measurements. For this reason, we first carried out the quantitative evaluation descriptively with the goal of identifying groups of sustainable innovations that are comparable in terms of certain factors and their diffusion trajectories. Factor analysis. We conducted a factor analysis to identify linkages between the independent variables. The goal of a factor analysis is to reduce the complexity of a dataset and potentially discover structures that may not have been surveyed but nonetheless exist empirically (Hair et al., 2006; Hardy & Bryman, 2004) . A factor analysis produces new variables that indicate the linkage of each of the 22 empirical factors with the newly calculated factors in form of factor loading. In other words, the reduction of complexity is achieved by consolidating factors that "fit together," as it were, to form a single new factor. The first step in the factor analysis was to perform calculations to verify the suitability of the 22 factors for factor analysis. Here, the variable "institutional obstacles" (factor 16) proved mathematically unsuitable; we excluded it from the further analysis for this reason. We then calculated the principal component analysis with a varimax rotation (Hair et al., 2006; Hardy & Bryman, 2004) . Compared with other methods of factor analysis, this method has the advantage of maximizing the factor loadings of those factors with especially high loads. This serves to support content-related interpretation of the newly determined factors and their later use in cluster analysis. We based the naming of the new factors on our interpretation and oriented it toward the 22 original variables and their loading on the factors. Cluster analysis. In order to identify diffusion paths, it was necessary to elaborate groups of innovations that are as similar as possible with a view to the factors. In other words, we posited that some of the sustainable innovations studied here are similar concerning the factors we had identified in the factor analysis and that influence the diffusion process. To this end, we used the method of cluster analysis. In cluster analysis, cases are assigned to groups on the basis of influencing factors. They are assigned in such a way the homogeneity within a group is maximized while homogeneity between groups is minimized. In the present case, we conducted a cluster center analysis using the latent variables identified in the factor analysis (Hair et al., 2006; Hardy & Bryman, 2004) .
Results
Correlation and results from the factor analysis
We tested the correlation between the 22 independent variables and the three dependent variables "market share," "diffusion time" and "diffusion dynamics" (cf. The fact that we could identify a significant correlation with regard to the key dependent variable "diffusion dynamics" for just 9 of the 22 factors suggests that further latent variables are hidden behind the surveyed variables. For this reason, we conducted a factor analysis (cf. Chapter 3.3) to clarify whether such latent variables that impact the diffusion trajectory exist. We carried out a principal component analysis with a varimax rotation (cf. Table 4 ). We drew mostly on the strong factor loadings (> 0,5 or < -0,5) for the substantive interpretation and characterization of the new factors. The factor analysis explains 62.9% of the variance, i.e., the seven newly developed factors can explain 62.9% of the variance in the field. According to Bartlett's test of sphericity, the analysis is highly significant (p < 0.01). V alues of the factor loadings: > 0. 5 and < -0.5: strong loading; 0.4 to 0.5 and -0.4 to -0.5: weak loading JIM 4, 2 (2016) The principal component analysis with a varimax rotation revealed seven new factors. The derivation of the seven new factors can be explained as follows: Factor 1: Market power of established suppliers. The variables "size and market power of suppliers," "intermediaries as change agents," and "path dependency" load highly on the factor. The variables "role of market leaders," "media and campaigns," and "completeness and availability of products and services on the market" round out the picture with weak loadings. Overall, a factor emerges that encompasses both the suppliers themselves and the market and policy intermediaries active in their environment. The new factor is therefore most aptly described as "market power of established suppliers." The high loading of the variables "size and reputation of suppliers" as well as the high loading of the factor "path dependency" imply the existence of a factor that would tend to describe the diffusion of incremental innovations of existing and established products that have already formed their paths. The factor explains 11.3% of the variance of the 22 original factors. Factor 2: Political push & pull. "Governmental push and pull activities" and "lead market policies" load highly on the factor, the "role of the industry trade association" loads weakly. If the role of an industry trade association in relation to the prevalence and support of an innovation is considered mainly as political lobbying, then the new factor can be most precisely described by the term "political push & pull." The factor is the only one that describes the effect of governmental support instruments on the diffusion of innovations. The factor explains 11.25% of the variance of the 22 original factors. Factor 3: Small influence of pioneers. What is remarkable about this factor is that both the variables "user-innovators" and "green pioneers" load similarly, even though the user-innovators take on a pioneering role on the demand side, while the "green" pioneers are on the supply side. This shows that the influence of the two sides -suppliers and adoptors -should not be considered separately, but can certainly be combined in a single aggregate factor. This factor is described most accurately as "small influence of pioneers", since user innovators and small green pioneers usually have significantly less resources and power to influence market penetration than established market leaders and big companies. The factor also refers to possible cooperation between pioneering "green" suppliers and user-innovators, who are supported by strong "perceptibility of the innovation" as well as a presence in "media and campaigns." The fact that the role of market leaders loads slightly negatively points to the fact that they often are not among the first to supply an innovation. For this reason, one may assume that there is often a division of labor, as it were, between pioneering suppliers and market leaders. While it is mostly newly established and small companies that take on the role of pioneering suppliers in the case of radical innovations, the established companies are more strongly represented in the case of incremental innovations. In the case of radical innovations, market leaders often appear to enter into the market as followers only at a later point in time. The factor "small influence of pioneers" explains 10.17% of the variance of the 22 original factors. Factor 4: Incentive to buy. The variable "price development" loads very highly on the factor, the variable "relative advantage of the innovation" somewhat less highly. The factor refers to the high incentive to buy that is triggered by significant price reductions. The fact that the factor "relative advantage" also loads highly suggests that besides a good price, adoptors must perceive both a useful function and an advantage in order to make the decision to buy. The new factor is therefore most aptly described as "incentive to buy." The factor explains 7.7% of the variance of the 22 original factors.
Factor 5: Compatibility with routines. The adoptor-related variable "need for behavior modification," the product-related variable "compatibility," and the supplier-related variable "completeness and availability of service" load highly on the factor, whereby "need for behavior change" loads most highly by far. All three original variables refer to "compatibility with routines," which is why this is an appropriate term for the new factor. It suggests that the adoptors are in principle change-averse in terms of both purchasing and use and that it is safe to assume that an innovation's ability to prevail as well as its diffusion dynamics depend decisively on its compatibility with routines during purchase and use. The factor explains 7.65% of the variance of the 22 original factors. Factor 6: Price and cost-effectiveness. The variable "price, cost, cost-effectiveness" loads highly on the factor, the variable "self-reinforcing effects" does so somewhat less. In contrast to the factor "incentive to buy" (see above), this is about the price difference between the innovation and (established) competing products or about the cost-effectiveness of innovative durable consumer goods or investment goods. High cost-effectiveness seems to result in self-reinforcing effects which obviously also have an effect in the case of this factor. The new factor is to be called "price and costeffectiveness." It explains 7.5% of the variance of the 22 original factors. Factor 7: Comprehensibility of the innovation. The product-related variable "complexity of the innovation" loads highly on this factor, the adoptor-related variable "uncertainties on the part of adoptors" significantly less highly. If the comprehensibility of a product increases, i.e., if its complexity is reduced, this apparently diminishes uncertainties on the part of adoptors. That is why the new factor will be called "comprehensibility of the innovation." It explains 7.4% of the variance of the 22 original factors.
The analyses show that the original classification of the 22 factors in product-, adoptor-, supplier-, sector-, policy, and path-related factors for descriptive purposes does not readily result in the identification of individual factors as primary drivers of the diffusion process. Instead, the seven newly identified factors make clear that influences from several "spheres of influence" (product, adoptor, supplier, sector, policy, path) interact and have joint impacts. The new factors then had to be tested for their significant effects on the dependent variables and their sustainability effects. Since the newly formed factors are metric variables, we calculated the Pearson coefficient of correlation.
Various correlations between the seven new factors and the dependent variables exist. In our sample, the factor "market power of established suppliers" correlates most strongly with the dependent variables. This is true of the market share, the speed of diffusion, and the indicator for diffusion dynamics. For the factor "political push & pull," we could not determine any significant correlations with the indicators market share and diffusion dynamics. Possible reasons include that government interventions and political lobbying on the part of trade associations are not equally relevant across all diffusion cases, but differ according to product field and type of diffusion. In other words, this could be an indication that it is important to differentiate between different kinds of innovations and diffusion paths. The fact that the factor "small influence of pioneers" correlates negatively with the dependent variables can be explained by the fact -as is also the case with the individual original factors -that many innovations introduced to the market by "green" pioneers are (1) marketed by lesser-known firms, so they cannot benefit from the advantages of a well-known brand or company in terms of brand awareness and trust, and (2) that far fewer resources are available for marketing and distributing these innovations because they are often supplied by small businesses. User-innovators are also typically individuals who may vigorously advocate an innovation because they expect concrete advantages from using it, but generally have a small amount of resources to promote the prevalence and availability of the innovation. In addition, it is important that the share of the radical innovations introduced to the market by "green" pioneers is higher, which explains longer diffusion times. For at the 1% level (p = 0.002), there is a significant correlation of medium strength (tau-b = 0.276) between the characteristic "radical innovation or incremental innovation" and the diffusion time, which is longer for radical innovations. The factors "incentive to buy" and "comprehensibility of the innovation" do not display any correlations with the dependent variables in the sample studied. Here, too, this may be caused by the fact that the price development of innovative products and their relative advantage as well as the comprehensibility of a new product or service on the market may not be equally important across all product groups and diffusion cases. This could be an indication that it is important to differentiate between different kinds of innovations and diffusion paths.
"Compatibility with routines" displays a significant correlation both for market share and for the indicator "diffusion dynamics." Thus, the factor appears to be of substantial importance for the trajectory of the diffusion process across all 100 diffusion cases studied. The results also suggest that compatibility with routines is very strong specifically in the case of the incremental innovations offered by market leaders and that this has positive effects on market share and diffusion dynamics.
"Purchase price and cost-effectiveness" display a weakly significant correlation with market share. The dependent variable "diffusion dynamics" is more important, however. Here, we could not ascertain a significant correlation in the sample studied. In this case, too, the reason might be that the factor is not equally important across all product groups and diffusion cases. So this could also be an indication that it is important to differentiate between different kinds of innovations and diffusion paths.
Results from the cluster analysis
As the calculations of the correlations and the factor analysis have shown, it is possible only to a limited extent to identify factors significant across all diffusion cases. For this reason, it made sense to examine whether certain groups of diffusion processes could be identified within the totality of all diffusion cases. In order to identify diffusion paths, it was necessary to elaborate groups of innovations that are as similar as possible with a view to the factors. The cluster analysis (cf. 3.3.6) yielded five clusters shown in Table 6 . The five clusters identified can be described by the key characteristics, actors, and strength of diffusion dynamics shown in Table 7 . In order to clarify the question "What are key factors influencing diffusion dynamics of sustainable innovation?", we tested the correlation between 22 independent variables and three dependent variables: "market share," "diffusion time," and "diffusion dynamics." The fact that we could identify a significant correlation with regard to the key dependent variable "diffusion dynamics" for just 9 of the 22 factors suggests that further latent variables are hidden behind the surveyed variables. For this reason, we conducted a factor analysis, which enabled us to identify seven new factors. Three of these new factors proved to correlate significantly with the diffusion dynamics of all 100 sustainable innovations investigated. The "market power of established suppliers" and the "compatibility with routines" correlate positively with diffusion dynamics and the "small influence of pioneers" negatively.
As the calculations of the correlations and the factor analysis have shown, it is possible only to a limited extent to identify key factors significant across all diffusion cases. For this reason, it made sense to examine whether certain groups of diffusion processes could be identified within the totality of all diffusion cases. The cluster analysis showed that five groups of sustainable innovations differ significantly in terms of the factors influencing the diffusion process and in terms of diffusion dynamics. The empirical investigation of 100 sustainable product and service innovations thus revealed that diffusion processes of sustainable innovations differ substantially and in which regard. This answers our second research questions "To what extent do diffusion processes of sustainable innovation differ from each other, and can different groups of diffusion processes be identified?" The characterization of clusters of diffusion of sustainable innovation allows for insights which factors, actors, and institutional settings are characteristic of different groups of diffusion processes, which clarifies our third research question.
Limitations
Since no large-scale study across sectors or product fields on the diffusion of sustainable innovations has been conducted to date, this study broke new ground for empirical research. As a pioneering empirical investigation in a very young field of research, the study naturally had to limit its scope. The results can claim validity only for sustainable product and service innovations and not for other types of innovations such as process, institutional, or social innovations. Furthermore it should be underlined that the investigation was limited to diffusion processes in one specific country (Germany). Despite the fact that this is one of the first large-scale studies on the diffusion of sustainable product and service innovations, the number of 100 cases is still limited when it comes to applying techniques of inductive statistics. In our sample we had 83 product innovations, but only 13 service innovations and 4 mixed product-service innovations.
Managerial implications
We identified three factors that correlate significantly with diffusion dynamics. This finding is particularly relevant for innovation management and new venture creation:
(1) "Market power of established suppliers" correlates positively and the "small influence of pioneers" negatively with diffusion dynamics. Start-ups often underestimate the power and relevance of established companies and market players. If a new venture follows a strategy of fast growth, it should thoroughly check market forces and consider strategic alliances with established companies. (2) "Compatibility with routines" correlates positively with diffusion dynamics. This finding underlines the urgent necessity to assess the impact of a new product or service on user behavior in a very early stage of product development and to check the compatibility with routines systematically in the testing phase. Innovation management literature provides a broad array of methodologies and tools for user integration in idea and product development as well as in product testing. Innovation managers and decision makers should take this aspect of compatibility with routines very seriously when deciding on market introduction and developing marketing strategies.
The three factors which we identified as especially relevant for the diffusion success of sustainable product and service innovations as well as the differences between the five clusters of diffusion cases also have important implications for policy makers: (1) Our findings point out that some types of sustainable product innovations require substantial governmental support in order to diffuse. While the group of "Government-supported investment goods from green pioneering suppliers" (photovoltaics, wind energy etc.) is already well supported in Germany, policy makers and governmental organizations should thoroughly check the group of "Complex products with unclear or long-term benefits" as to their need for additional governmental intervention. (2) The fact that "compatibility with routines" correlates positively with diffusion dynamics leads to the recommendation that governmental R&D funding programs should consider this aspect more explicitly. This can, for example, be done by making it a requirement to assess this aspect in government-funded R&D projects and by providing a higher funding rate for radical innovations which require major changes in user behavior or organizational routines.
Further research
As the seven factors developed in the factor analysis demonstrate, what matters in the development of intervention strategies is precisely the interplay of the various fields of intervention and the simultaneous design of the factors. It is therefore the task of further analysis and research to develop a multi-intervention approach for influencing the diffusion of sustainable innovations. The evolutionary concept of diffusion paths presented in this article develops significant explanatory power on the basis of which faster or slower diffusion and the success or failure of sustainable innovations can be better understood. The next step in research on diffusion paths of sustainable innovation is to connect the insights on the factors, actors, and institutional settings which are characteristic of different groups of diffusion processes with the examination of key events (tipping points) in the trajectory of these processes.
The limits of our investigation outlined above indicate further research needs. One important question, for example, is whether there are significant differences between the diffusion processes of innovative sustainable products and innovative sustainable services. Answering this kind of questions will permit the development of diffusion paths of sustainable innovation and will offer concrete starting points for interventions by policy-makers, innovation actors, and societal groups. For each diffusion case, exactly one value was assigned to each factor. We gathered the information required for this coding from documents available online and offline and documented the sources in an appendix. We studied a total of approx. 5,000 sources, most of them on the Internet, and cited approx. 1,200. In order to ensure intersubjective reproducibility and inter-rater reliability, a coding team composed of several people coded the case profiles, and team members reviewed each other's work.
As a matter of principle, the coding referred to the entire diffusion process to date, i.e., to the period from market introduction to today, using the information available. Where differentiation according to various phases was necessary, we noted this explicitly.
Coding followed the principle of rejecting the null hypothesis. In general, we assumed each factor to have zero influence. Only in cases where the empirical information suggested a different assumption in a manner that was indisputable and intersubjectively transparent did we assign a value of 1 or 2 for a supporting or very strongly supporting influence or -1 or -2 for an inhibiting or very strongly inhibiting influence. 
Intermediaries as change agents:
To what extent have market intermediaries (e.g., wholesalers and retailers) and policy intermediaries (e.g., energy, efficiency, climate protection agencies) accelerated or inhibited the diffusion trajectory to date? 
Media and campaigns:
To what extent did the media (press, radio, TV, etc.) and NGO campaigns accelerate or inhibit the diffusion trajectory?
2: The innovation was a topic in the media for a longer period of time 1: The innovation has been a topic in the media sporadically 0: Reporting about the innovation is rare
Path-related factors Code
Path dependencies:
To what extent have technological or economic path dependencies inhibited the speed of diffusion to date?
2: The innovation developed very rapidly to become the dominant design 1: The innovation has achieved the status of dominant design in some market segments 0: Neutral -1: Predecessor products inhibited diffusion because of minor lock-in effects -2: Predecessor products inhibited diffusion because of major lock-in effects
Price development:
How has the price (adjusted for inflation) developed over the course of the diffusion process?
2: The price has decreased significantly since market introduction, for example through economies of scale or subsequent innovations 1: The price has decreased slightly 0: The price has remained constant or has increased
Self-reinforcing effects:
Can self-reinforcing effects, e.g., imitation of role models/celebrities/opinion leaders or critical mass phenomena be observed? Data collection about the effects of the diffusion followed the format documented below. Table 10 . Code system for the assessment of factors in diffusion cases
Categories of effects Code
Effects at the product level: Which data about the diffusion have become known over time, and how large is the market share of the innovation in Germany today?
Uncoded: Documentation of development of market share over the longest possible period of time, depending on data availability
Market penetration:
What is the market share of the innovation on the accessible market at this point in time?
4: 50 to 100% 3: 10 to 50%
2: 1 to 10% 1: 0 to 1%
